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y EFFECT OF MATERIAL MASS DISTRIBUTION ON THE LIFE OF SMALL ARMS BARRELS

? INTRODUCTION

Much effort has been spent in the pursuit of meaningful gun barrel
i . erosion analyses. Most of these efforts have dealt with specific mechanisms
? and consequently have comprised only fragmentary parts of the over-

all erosion problem. It is commonly acceptied that a more unified
approach is required to accomplish comprehensive erosion research.
Further, it is believed that an immediate need exists for empirical

? or semi-empirical techniques which predict erosion as a function of

; the basic parameters involved. Toward this objective, the task herein
described was undertaken to define erosion in small arms gun barrels

as a semi-empirical function of barrel mass, material properties and
firing rate.

A report! published during FY74 entitled, "Small Arms Gun Barre)
Thermal Experimental Correlation Studies," describes a correlation
: between muzzle end wall thickness and barrel life. As shown in Figure 1,
, § rounds to faiiure based on Tiring accuracy measurements decreased from
: 10,000 rounds to 2,000 rounds as barrel wall thickness decreased from
.461 inches to .125 inches. These efforts are a continuation of this
work toward the stated objective of better quantifying the over-all
erosion process.

ANALYTICAL APPROACH

Print-outs of the two computer programs utilizeu in this effort
.are contained in the appendixes. The first program (Appendix 1) cal-
culates effective bore boundary conditions (propellant gas convection
coefficients and temperatures) based on experimentally measured
barrel temperatures. This solution utilizes an energy balance where-
in the gun barrel performs as a mass type calorimeter. A complete

Report No. R-TR-74-034
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description of this program is given in a report!® entitlied, "A Theo-
retical and Experimental Thermal Analysis To Determine Wall Ratios
For A 30mm Tactical Barrel."

The second computer program (see Appendix 2) calculates transient
gun barrel temperatures as a function of firing schedule and environ-
mental conditions. This solution uses bore boundary conditions deter-
mined in the first program. The computer program employs an implicit
finite-difference algorithm and continually performs an error analysis
based on a numcrical integrated energy balance. A major contribution
to this effort was achieved by the incorporation of a plot routine
capability. Computer graphics options which are available include:

1. Bore temperature versus firing time.

2. External barrel-temperature versus firing time.

3. Average radial temperature versus firing time.

4. Radial temperature distribution at prescribed times.

The main criteria used in selection of a test gun included; gun
and ammo availability, ease of operation, and mechanism reliability.
Based on these criteria, the Browning A4 was selected as a test vehicle,
The over-all objective was to design axial barrel wall ratios such that
112 barrel wryld be sibjected to uniform temperatures along the length

e barrel. A "gating" criterion was that of combined thermal
pressure stresses. That is, the minimum thickness at any barrel section
was designed of sufficient structural integrity to contain the pro-
pellant gas pressures. Consequently, subsequent to the heat transfer
study, coupled thermal and pressure analyses were performad as the
rinal design step. Once the minimum wall thickness barrel was de-
signed, two larger barrels were designed where the wall thicknesses
were arbitrarily increased in steps of .0625 inch. That is, the largest
barrel has an outer diameter .250 inch larger at all axial locations
than the minimum thickness barrel.

'Report No. R-TR-75-023
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The overall procedure applied in the design of the test barrels
included the following steps:

1. Experimentally firing representative gun barrels to determine
bore boundary conditions.

2. Calculating effective propellant gas temperatures and convec-
tion coefficients.

3. Parametric analyses wherein barrel temperatures were calcu-
lated for a fixed rate of fire and varying wall thicknesses.

4, Combined thermal pressure Stress analyses to determine the
minimum allowable barrel thickness as a function of the previously
determined temperatures.

RESULTS

Results of the therma! analysis are given in Appendix 3. As pre-
viously stated the objective of this parametric study was to design
gun barrels of various wall ratios to determine the effect of barrel
mass on erosion. The design firing schedule was fixed at continuous burst
of 400 rounds total at a firing rate of 600 rounds per minute. Re-
sults are presented at axial locations 5, 9, 15 and 21 inches from
the breech end. The notes for each curve give effective convection
coefficients and gas temperatures. A summary of the vavious wall thick-
nesses considered is shown in Table 1.

Shown in Table 2 is a summary of the results including calculated
maximum bore pressure stresses and average barvel operating temperatures
for the various outer radii. Also given is the dynamic yield strength
temperature corresponding to the maximum calculated pressure stresses,
The final criterionused in the designh of the minimum wall ratio barrels
was a maxinum barrel operating temperature of 1400°F average. This
criterion satisfies the yield strength requirement at all lecations and is
conservative at the 15 and 21 inch locations. A sketch showing the
cuter profiles of the minimum wall ratio test barrel is given in
Figure 30 (Appendix 3). It is recommended that the twc larger barrels
be constructed with increasing wall thicknesses of 1/16 inch and 1/8
inch respectively at each axial location.




T T Uy

TABLE 1

Various Outer Radii Analyzed

e e ——— e © e e ————

Axial Location (Inches) & Figure Number (Appendix 3)

Inches | Fig. | Inches | Fig. | Inches | Fig. | Inches § Fig.
5 (2 9 10 15 18 21 22
IRBE 4 w | A 23

5 )4 12 I 20 24

5 13 15 21 25

6 14 26

3)7 15 27

$ o8 ! 16 v 28
5 9 9 7 21 29




TABLE 2

Sunmary of Analytical Results

(See Appendix 3) Limiting
Temperature °F
Axial Location Outer Max. Yield Average Based <n Dynamic
From Breech End  Radius Stress Barrel Operating Yield Strength of
Inches Inch PSI Temperature °F Cr-Mo-V Steel
5.0 .674 92,251 1222 1240
5.0 .612 93,545 1361 1400 soata Pt.)
1230 (Curve)
5.0 .542 95,194 1516 1400 (Data Pt.)
1220 (Cuvve)
9.0 .450 71,133 : 1352 1420
9.0 .420 72,453 1438 1410
15.0 450 45,673 1287 1600*
15.0 420 46,521 1351 1600*
15.0 .400 47,218 1390 1600
15.0 .37 48,537 1438 1600*
15.0 .34 50,332 1473 1560
21.0 .40 31,350 1319 1600*
21.0 .34 33,418 1434 160*
21.0 .31 35,1 1470 1600*
2.0 .28 37,666 1492 1600*
21.0 .25 41,874 1503 1600*
21.0 .22 49,580 511 1570
21.0 .20 60,678 1516 1510
*txtrapolated
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